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A B S T R A C T
Purpose: We sought to investigate the relationship between interictal personality changes and white
matter abnormalities in epilepsy patients.
Methods: A total of 65 individuals with epilepsy and 40 demographically matched controls were
evaluated by Eysenck Personality Questionnaire (EPQ) and diffusion tensor imaging (DTI) on 3T.
Fractional anisotropy (FA) values of ﬁbers were acquired. The relationship between EPQ scores, clinical
variables and FA values was conﬁrmed by Pearson correlation analysis and multiple linear regression
analysis.
Results: Epilepsy patients had higher psychoticism scores (P score) and lower extraversion scores (E
score) compared with controls. P scores were higher in patients with long duration (>10 years) and
taking multiple antiepileptic drugs. No difference was found in E score according to all the clinical
variables. Epilepsy patients showed signiﬁcantly lower mean FA value compared with healthy controls in
the bilateral uncinate fasciculus, cingulum bundle, arcuate fasciculus and forceps minor of the corpus
callosum. Multivariate linear regression analysis revealed that duration of epilepsy and FA value of the
right arcuate fasciculus was independent risk factors of psychoticism in epilepsy patients.
Conclusions: Long disease duration and impairment of arcuate fasciculus integrity may predispose the
development of psychoticism in patients with epilepsy. Our results provide important insights into the
pathophysiological mechanisms underlying personality change in epilepsy.
 2011 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
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jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Personality disorder is very common in epilepsy patients. A broad
range of aberrant personality traits have been described, such as
aggressive behavior, schizoid, dissociation, dependent trait, depres-
sive trait, paranoid personality disorder, hysterical trait andAbbreviations: AC, anterior commissure; ABS, absence seizure; AED, antiepileptic
drug; AF, arcuate fasciculus; CB, cingulum bundle; CR, corona radiate; CPS, complex
partial seizure; DTI, diffusion tensor imaging; EPQ, Eysenck Personality Question-
naire; FA, fractional anisotropy; FMJ, forceps major of corpus callosum; FMN,
forceps minor of corpus callosum; GTC, generalized tonic-clonic seizure; SLF,
superior longitudinal fasciculus; SPS, simple partial seizure; UF, uncinate
fasciculus; WM, white matter.
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doi:10.1016/j.seizure.2011.07.002maniacal traits.1–4 Hunger et al. reported that 53% patients with
chronic epilepsy exhibited interictal personality traits such as
irritability, aggressiveness and inﬂexibility.5 Modergo et al. noticed
a high prevalence of schizophrenia traits (57%) compared to other
personality changes in non-lesional epilepsy patients.6 The schizo-
phrenia traits, paranoid disorder and aggressive behavior lead to
many psychosocial problems, such as social maladjustment, poor
self-esteem, depressive feelings, reduced attention control, im-
paired cognitive function and difﬁculties in reversal learning,7–9
which signiﬁcantly compromise patients’ quality of life.
The Eysenck Personality Questionnaire (EPQ) is a widely used
and easy-to-operate scale for evaluating personality changes.10 It
is a self-rating scale and consists of four categories of tempera-
ment: psychoticism (P), extraversion (E), neuroticism (N), and the
lie (L) scale. A high score on the P scale reﬂects schizotypal and
paranoid personality, and measures the predisposition to psycho-
sis.11 Shehata et al. reported that, compared with normal controls,
patients with epilepsy in general had high P scores, which
signiﬁcantly correlated with patients’ memory performance.2vier Ltd. All rights reserved.
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epilepsy still remain elusive. Chronic interictal personality changes
in the form of avoidant, paranoid, antisocial and borderline traits
are more frequently found in temporal lobe epilepsy, juvenile
myclonic epilepsy or frontal lobe epilepsy than other seizure
types.12 Age at onset, history of status epilepticus, family history,
and disease duration are considered to be important variables
associated with aggression or psychotic personality in idiopathic
epilepsy patients.2,13,14 De Araujo et al. observed decreased
volumes of the mesiofrontal and frontobasal regions and reduction
of N-acetyl-aspartate over creatinine ratio in the frontal lobe in
epilepsy patients with antisocial, borderline, histrionic or narcis-
sistic personality disorders compared to those without.15,16 These
ﬁndings imply that psychopathological alterations may underlie
personality changes in epilepsy patients.
Recently, abnormalities in the integrity of the white matter,
which can be detected by the new imaging technique, diffusion
tensor imaging (DTI), have been considered as the underlying
cause of psychosis. Abnormalities of the fronto-temporal associa-
tion ﬁbers and bilateral hemisphere commissural ﬁbers were
found in schizotypal personality disorder, generalized social
anxiety disorder, and schizophrenia.17–19 Abnormalities of the
uncinate fasciculus (UF), cingulum bundle (CB), arcuate fasciculus
(AF) and corpus callosum were suspected to underlie psychosis.18–
20 In epilepsy patients, white matter abnormalities have been
identiﬁed in several DTI studies as well.16,21,22 Highly anisotropic
component of the AF has signiﬁcant predictive power for
determining language laterality in epilepsy patients.22 Abnormal-
ities in the AF, UF, and inferior fronto-occipital fasciculus (IFOF)
independently predict cognitive performances in patients with
temporal lobe epilepsy.1 However, it remains unclear whether the
extent of white matter change is responsible for personality
disorders in epilepsy patients.
We hypothesized that white matter lesions, especially abnor-
malities in the fronto-temporal association ﬁbers in epilepsy
patients, may underlie psychotic personality change. In this study,
we evaluated the relationship between personality dimensions
using the EPQ and white matter pathology in epilepsy patients. We
present here the ﬁrst direct evidence that (1) psychoticism score
signiﬁcantly correlated with abnormality of the right AF in epilepsy
patients; (2) duration of epilepsy had strong impact on the FA value
of the AF, which may induce psychoticism.
2. Subjects and methods
2.1. Subjects
Sixty-ﬁve right-handed patients with a clinical diagnosis of
epilepsy who were seen from June 2009 to June 2010 at the
outpatient and inpatient Department of Neurology, Zhongshan
Hospital, Fudan University, Shanghai, China, were included in this
study. All patients were diagnosed with idiopathic epilepsy
according to the 1989 Commission on Classiﬁcation and Termi-
nology of the International League against Epilepsy (ILAE).23 A
patient was included (1) if the patient aged from 16 to 65 years, (2)
if the patient appeared normal on conventional brain MRI, (3) if the
patient did not have any disease other than epilepsy, and (4) if the
patient did not have a family history of psychiatric illnesses.
Patients with new onset epilepsy were deﬁned as those whose
epilepsy was initially diagnosed at presentation and who had not
taken any antiepileptic drugs previously.24 In addition, age- and
sex-matched right-handed healthy volunteers who received
regular physical check-up at Zhongshan Hospital in the same
period were included as controls. These healthy subjects were
included (1) if they did not have any history of neurological
disorders, (2) if they appeared normal on conventional brain MRI,and (3) if they did not have a family history of epilepsy disorders,
drug abuse and psychiatric illnesses.
The study protocol was approved by the local institutional
review board at the authors’ afﬁliated institutions. Written
informed consent was obtained from each study participant.
2.2. Psychological and seizure evaluation
A clinical questionnaire including age, gender and education
was applied. Mini mental state examination (MMSE) 25 and Brief
Psychiatric Rating Scale (BPRS) 19 were administered at the initial
visit. Twelve out of 65 patients scored over 35 on BPRS and were
referred to psychiatrists for consultation, and none of them were
diagnosed with psychosis. Personality disorder traits were
assessed by the Chinese version of the EPQ, which is an 88-item
self-report questionnaire (Appendix I) and has good internal
consistency (0.88–0.98) and reliability (0.62–0.86).12 The reli-
abilities for individual subscales have previously been demon-
strated and yielded good test–retest and internal consistency.12
Internal consistency was observed with Cronbach’s a ranging
from 0.88 to 0.98. The duration of epilepsy, the type and frequency
of seizures, and drug treatment history were elicited and
recorded. Seizure severity was evaluated by the National Hospital
Seizure Severity Scale (NHS3).6 All clinical evaluations were
performed by trained neurologists. Dr. W-F Peng, who was blind
to the neurological diagnosis of the study subjects, administered
the questionnaire.
2.3. MRI acquisition and data processing
2.3.1. Image acquisition
MRI was performed on a General Electric 3T EXCITE HD scanner
with a standard eight-channel phased array head coil. Before DTI,
conventional sagittal and axial T2-weighted fast spin-echo and
coronal T1-weighted spin-echo imaging sequences were obtained
using standard departmental imaging protocols. All planar
sequence acquisitions were obtained in the plane of the anterior
commissure-posterior commissure line.
2.3.2. DTI protocol
DTI data were acquired using a single-shot spin-echo echo
planar image (SE-EPI) sequence. The diffusion sensitizing gradients
as well as an acquisition without diffusion weighing (b = 0) were
applied simultaneously along 25 non-collinear directions
(b = 1000s/mm2). Moreover, 22 contiguous slices were acquired
with a 3-mm slice thickness and with no gap. Other acquisition
parameters were: repetition time (TR) = 6000 ms; echo-time
(TE) = 76.2 ms; number of excitations (NEX) = 2; a 128  128
matrix and a 256 mm  256 mm ﬁeld of view (FOV). The total
acquisition time was 5 min and 24 s. All scans were reviewed by an
experienced neuroradiologist (Dr. W.-Z. Cheng). All patients were
seizure-free for a minimum of 1 week prior to the MRI scan in order
to avoid the effect of acute postictal transient cytotoxic and
vasogenic edema on diffusion parameters.26
2.3.3. Image processing
Image ﬁles in the DICOM format were transferred to a Linux
workstation for processing. The principal 3D orientations of the
major eigenvector were color coded per voxel according to the red–
green–blue convention, with red indicating a predominant left–
right (x-element), green an anteroposterior (y-element), and blue a
superoinferior (z-element) orientation of the anisotropic compo-
nent of diffusion within each voxel. The color intensity scale was
proportional to the measured fractional anisotropy (FA)-value.
Each diffusion tensor was sampled 6 times to optimize the signal-
to-noise ratio (SNR). We generated isotropic diffusion-weighted,
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Healthcare).
2.3.4. Region of interest (ROI) positioning and DTI tractography (DTT)
We achieved FA value by positioning the region of interest (ROI)
on the target ﬁber tracts. We studied the bilateral AF,1,27 UF,1,28,29
CB,29 superior longitudinal fasciculus (SLF), anterior commissure
(AC),29 corona radiate (CR),29 and the forceps minor (FMN) and
major (FMJ) of the corpus callosum29 as previously described. All
the ﬁber bundles were identiﬁed by virtue of their anatomic
location and color-coded orientation and reconstructed to restrict
them. The area of the ROI of the AC was 17  0.4 mm2, and that of
other ﬁbers was constant at 33  0.4 mm2. For tracking of the white
matter ﬁbers, ROI-independent ﬁber tract analysis was performed in a
volumetric approach using the software FuncTool (GE Healthcare).
Experienced neuroradiologists with knowledge of the ﬁber pathways
placed the ROIs on the color maps. The observers were blinded to the
results of clinical ratings. FA value and DTT were evaluated
independently by different investigators. The representative images
of ROI placement and DTT are shown in Fig. 1.
2.4. Statistical analysis
The data were presented as mean  standard deviation (s.d.).
Statistical analysis was performed using the SPSS software version
15.0 (SPSS Inc., Chicago, IL). Difference between patients and controls
with respect to age, education, MMSE scores, EPQ scales, and FA
values of ﬁber bundles were analyzed using Student’s t-test. The
gender distribution and type of epilepsy were examined by the
Fisher’s exact test. Correlation between personality characteristics,Fig. 1. Fractional anisotropy map shows the region of interest (ROI) and diffusion tensor im
ﬁber tractography of the uncinate fasciculus (UF) (a); anterior commissure (AC) (b); arcu
corpus callosum (FMJ) (d); superior longitudinal fasciculus (SLF), corona radiate (CR) aclinical data and DTI variables were evaluated using Pearson
correlation and multivariate linear regression test. We used stepwise
methods to screen variables, which were included at a level of 0.05
and excluded at a level of 0.1. We used residual analysis to identify if
any outliers are present. We deﬁned outlier as data that was outside 3
standard deviations. We further used casewise diagnostic to ﬁnd the
outlier in the regression. We did not ﬁnd that our results were being
driven by outliers. All tests were two-sided with a signiﬁcance level of
P < 0.05.
3. Results
3.1. Demographic and disease characteristics of study participants
Between June 2009 and June 2010, we included 65 patients
with a normal MMSE score and without any other disease and 40
healthy volunteers. All patients and control subjects were Han
Chinese. There were no signiﬁcant differences between epilepsy
patients and the control group in terms of age, gender, education
and MMSE score. All participants were right-handed. In our study,
18 patients diagnosed with benign focal epilepsy of childhood, 33
patients diagnosed with idiopathic generalized epilepsy (IGE), 14
patients without unequivocal generalized or focal features
diagnosed with epilepsies and syndromes undermined whether
focal or generalized. Among the IGE patients, 10 patients with a
diagnosis of epilepsy with GTCS seizures on awakening, 1 juvenile
absence epilepsy, 1 juvenile myoclonic epilepsy, and 21 patients
with a diagnosis of other generalized idiopathic epilepsies. Among
all patients, 28% patients did not take any AEDs, 38% received
monotherapy, and 34% took 2 and more than 2 types of AEDs.aging (DTI) tractography reveals the ﬁbers in a healthy control. ROI positioning and
ate fasciculus (AF) (c); forceps minor of corpus callosum (FMN) and forceps major of
nd cingulum bundle (CB) (e).
Table 1
Demographic and disease characteristics of study participants.
Patients with epilepsy
(n = 65)
Controls (n = 40) P-value
Sex ratio (% male) 49.23 (32/65) 60.00 (24/40) 0.318
Age (years)
Mean  SD 31.25  12.44 34.78  11.45 0.149
Range 16–62 23–63
Education years
Mean  SD 11.88  3.69 13.18  4.99 0.160
Range 3–22 5–18
MMSE score 28.55  2.18 28.80  1.70 0.906
Disease duration (years) NA NA
Mean  SD 11.29  11.70
Range 0.17–47
Age at onset
of epilepsy (y)
20.00  9.65 NA NA
Epilepsy type NA NA
GTC 32 – –
GTC + CPS 14 – –
CPS 13 – –
Others SPS:5, ABS:1 – –
ABS, absence seizure; CPS, complex partial seizure; GTC, generalized tonic-clonic
seizure; MMSE, mini mental state examination NA, not applicable; SPS, simple
partial seizure.
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65) patients; 42% patients had complex partial seizures (CPS) (CPS:
13/65, CPS + GTC: 14/65); the remaining 9% patients had absence
seizure (ABS, 1/65) or simple partial seizure (SPS, 5/65). The
percentage of patients with new onset seizures was 28%. These
patients did not take any medication. The demographic and disease
characteristics of the study participants are shown in Table 1.
3.2. Patients with epilepsy exhibited high psychoticism scores and low
extraversion scores
We evaluated the personality traits of the study participants
using the EPQ and we found that, compared with the controls,
patients had a signiﬁcantly lower extraversion score (E score)
(51.46  11.45 vs. 59.63  9.77, P < 0.001) and a noticeably higher
psychoticism score (P score) (50.31  9.09 vs. 46.25  7.32,
P < 0.05) (Fig. 2a). No difference was found between the patients
and controls in neuroticism (50.38  13.84 vs. 46.88  9.52,
P > 0.05) and lying score (49.92  10.48 vs. 48.50  11.39,
P > 0.05). We further characterized the personality traits by
duration, AED use, age of onset, and seizure type and found that
patients with a long duration of disease (>10 years) had a
signiﬁcantly higher EPQ P score than in patients with new onset
epilepsy (55.40  9.89 vs. 45.00  6.42, P < 0.001) (Fig. 2b). EPQ P
score was also signiﬁcantly higher in patients taking multiple AEDs
than those taking no AED (54.32  10.27 vs. 45.83  6.70, P < 0.01)
(Fig. 2c). Furthermore, no difference was noted in age of onset (age
younger than 18 years: 52.33  10.06; age equal to or greater than
18 years: 48.57  7.91, P > 0.05) (Fig. 2e) and in seizure type (GTC
type: 50.33  8.91; CPS and other types: 50.26  9.79, P > 0.05)
(Fig. 2d). Of note, no difference was found in E score according to all
the variables (Fig. 2b–e).
3.3. Psychoticism (P) scores correlated with DTI measurements in
epilepsy patients
Descriptive statistics of DTI measures and the results of
Student’s t test are summarized in Table 2. As expected, epilepsy
patients showed a signiﬁcantly lower mean FA value compared
with healthy controls in the bilateral UF, CB, AF and FMN. On the
other hand, the mean FA value of the bilateral SLF, CR and AC, and
FMJ showed no signiﬁcant difference. In order to determine if theﬁndings in the epilepsy group are driven by the adolescent and
older subgroups, we compared FA values between patients aged
16–22 years old and 23–62 years old. No signiﬁcant changes were
found between two groups. (Supplement Table.)
We further explored the correlation between personality traits
and clinical variables, and FA values by Pearson correlation
analysis. We performed analysis between P scores and FA value of
the bilateral UF, AF, CB, SLF, CR, AC, FMN, and FMJ, age of the
patients, disease duration, age of onset, NHS3 score and frequency
of epilepsy. P scores were signiﬁcantly negatively correlated with
the bilateral AF (right: r = 0.358, P = 0.003; left: r = 0.289,
P = 0.020), FMN (r = 0.295, P = 0.017), left CB (r = 0.288,
P = 0.020), and positively correlated with disease duration
(r = 0.454, P = 0.000), age (r = 0.364, P = 0.003) (Fig. 3). Other
variables did not display signiﬁcant correlation (Data not shown).
3.4. Duration of epilepsy and FA values of the AF predict high
psychoticism of epilepsy patients
We carried out multivariate linear regression analysis to
identify the most notable impact factor of psychoticism. We set
P score as a dependent variable, and the FA values of the bilateral
UF, AF, CB, SLF, CR, AC, FMN and FMJ, patients’ age, duration, age of
onset, frequency of seizures, number of AEDs taken, and NHS3
score as independent variables. The results showed that duration
of epilepsy (B = 0.320, P = 0.009) and FA value of the right AF
(B = 0.245, P = 0.040) entered the regression model of P scores.
3.5. DTI ﬁber tractography demonstrated abnormal AF in patients
with high psychoticism score
As we found that the AF and duration of epilepsy could impact
on psychoticism in epilepsy patients, we carried out DTI
tractography in controls and epilepsy patients with different
durations of disease (Fig. 4). The AF in an epilepsy patient with 5-
year duration (Fig. 4b) appeared almost identical to that of the
healthy control (Fig. 4a); the P score was 50 and 40, respectively. A
patient with 12-year duration exhibited apparent abnormal AF and
had a very high P score of 65 (Fig. 4c).
4. Discussion
Epilepsy patients suffer from a myriad of personality changes
the mechanisms for which remain largely unelucidated. We sought
here to investigate whether white matter abnormalities were the
underlying cause of personality changes in epilepsy patients. We
found signiﬁcantly higher P and lower E scale scores in our epilepsy
patients compared to the control group and the P scale was
associated with longer duration of epilepsy. Importantly, we
demonstrated that DTI FA values differed signiﬁcantly in a large
number of regions in the brain. Our multivariate linear regression
analysis further revealed that the P scale was signiﬁcantly
associated with FA values in the right AF. Our ﬁndings provide
the ﬁrst direct evidence for imaging correlates of behavior and
personality constructs in epilepsy patients. They indicate that
white matter abnormalities could underlie personality changes in
epilepsy patients. To the best of our knowledge, this is the ﬁrst DTI
study of image correlates of personality changes in epilepsy
patients.
Our ﬁndings that epilepsy patients, compared to controls,
exhibited increased P scores and decreased E scores suggest the
presence of psychopathological abnormalities in these patients.
Similar ﬁndings have also been reported by other investiga-
tors.2,30,31 Adults with high P scores have been reported to show
schizophrenia-like cognitive performance and children with high P
scores are more likely to develop schizophrenia than those with
Fig. 2. Eysenck Personality Questionnaire (EPQ) scores in epilepsy patients compared to controls, and by type, AED use, duration and age of onset. (a) EPQ scores in epilepsy
patients compared to controls. *P < 0.05; ***P < 0.001, v. control. (b) EPQ scores in patients with new onset epilepsy and those with duration less than 10 years or more than
10 years. ***P < 0.001, vs. new onset. #P < 0.05, v. duration less than 10 years. (c) EPQ scores in patients taking no antiepileptic drug (AED) compared to those taking one and
those taking two or more AEDs. **P < 0.01, v. no AED use. (d) EPQ scores in epilepsy patients with generalized tonic-clonic seizure (GTC) compared to patients with no GTC. (e)
EPQ scores in patients of different ages of onset.
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behaviors that may be severe, persistent, and violent. A 10-year
longitudinal study by Chapman et al. concluded that the P scale
best predicts personality disorders (e.g. schizotypy and paranoia)
and psychotic-like experiences (e.g. aberrant beliefs and aberrantTable 2
FA values for epilepsy patients and healthy controls.
Patients with epilepsy (n = 65) Controls (n = 40) P-value
UF
Right FA 0.40  0.06 0.44  0.05 0.001
Left FA 0.37  0.05 0.41  0.06 0.001
AF
Right FA 0.52  0.07 0.55  0.06 0.013
Left FA 0.51  0.08 0.55  0.07 0.035
SLF
Right FA 0.52  0.07 0.53  0.07 0.344
Left FA 0.48  0.08 0.50  0.06 0.101
CB
Right FA 0.54  0.10 0.60  0.06 0.000
Left FA 0.55  0.10 0.62  0.08 0.000
CR
Right FA 0.45  0.08 0.45  0.04 0.618
Left FA 0.42  0.08 0.43  0.05 0.417
AC 0.42  0.12 0.46  0.11 0.072
FMN 0.71  0.08 0.75  0.07 0.022
FMJ 0.77  0.08 0.79  0.06 0.153
AC, anterior commissure; AF, arcuate fasciculus; CB, cingulum bundle; CR, corona
radiate; FA, fractional anisotropy; FMJ, forceps major of corpus callosum; FMN,
forceps minor of corpus callosum; SLF, superior longitudinal fasciculus; UF,
uncinate fasciculus.visual experiences) rather than psychosis in which reality testing is
grossly impaired. In our study, we excluded psychosis by the BPRS
convey and through psychiatrist consultation.
Previous studies reported that longer duration of epilepsy
increased the propensity to develop psychotic personality in
idiopathic epilepsy patients.2 Duration of epilepsy greater than 20
years is also a risk factor for psychotic disorders including schizoid,
paranoid, and schizotypal personality disorder, affective psycho-
ses, schizophrenia, and schizophreniform disorder.32 Interestingly,
although decreased E scores were also observed in our epilepsy
patients, no correlation was found between the E scale and
epilepsy variables, indicating that the E dimension may be more
inﬂuenced by social burden rather than epilepsy itself as the E trait
is represented by a bipolar scale that is anchored by sociability,
seeking of stimulation, or by social reticence and avoidance of
stimulation. Previous studies using EPQ also indicated that
psychological distress was correlated with neuroticism and
introversion instead of P scores.33 We found that P scores were
higher in patients with long duration, older patients and those
taking more than two kinds of AEDs, implying an effect of epilepsy
on psychoticism. Though our patients had low E scores, we found
no relationship between the E scale and epilepsy variables. Our
results imply that high psychoticism in epilepsy patients is
probably due to epilepsy rather than extraversion.
The mechanism of psychoticism is still unclear. Kumari et al.
found that lower activity in the inferior frontal lobe and temporal
lobe was associated with high P scores in healthy individuals.34
Neuroimaging studies revealed decreased volumes of the mesio-
frontal and frontobasal region in epilepsy patients with antisocial,
Fig. 3. Scatterplots displaying the relationship between psychoticism (P) scores and
fractional anisotropy (FA) values of the bilateral arcuate fasciculus (AF), forceps
minor of corpus callosum (FMN), left cingulum bundle (CB), disease duration and
age in epilepsy patients.
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is a sensitive method for measuring the integrity of the white
matter by taking advantage of the intrinsic directionality of water
diffusion in the brain and FA measures the diffusion tensor due to
anisotropy. We found that, compared to healthy controls, the
fronto-temporal association ﬁbers, such as the UF, CB, and AF, and
the bilateral hemisphere commissural ﬁbers FMN, appeared to beFig. 4. Diffusion tensor imaging (DTI) tractography of the arcuate fasciculus (AF) in pati
tractography of the AF from a 24-year-old healthy control (a), a 23-year-old epilepsy pat
duration of 12 years (c).more involved in epilepsy patients than other ﬁbers, a ﬁnding also
supported by earlier studies.35,36
Epilepsy of long duration was associated with progressive
white matter atrophy in epilepsy patients.35,37 Our multiple linear
regression analysis revealed that the FA value of the right AF and
epilepsy duration were the only variables that correlated with
psychoticism in epilepsy patients. Our DTI tractography further
clearly demosntrated the affected AF in patients with epilepsy of
different durations, which was correlated with their P scores. We
speculated that the alterations in the right FA could contribute to
psychoticism in epilepsy. Decreased FA value of the AF has been
demonstrated to be the underlying mechanism in several mental
and psychiatric disorders, such as adolescent-onset schizophrenia,
depression, and high-psychotic personality traits.20,22,38 Anatomi-
cally, the AF projects from the temporal lobe to the frontal lobe
along the lateral ventricle lateral to the tapetum, interconnecting
the caudal superior temporal region and the caudal dorsal
premotor and prefrontal regions.38 It arches caudally and
continues into the temporal lobe where, either directly or via
relay with the temporal cortex, further connects the frontal lobe
with the amygdala. The extensive AF neural circuit could explain
that AF abnormality is associated with social–emotional dysfunc-
tion.39 Abnormality in the connective ﬁbers of the right
hemisphere was also found in affective psychosis and borderline
personality disorder.26 Sperli et al. indicated that right-sided or
bilateral foci appear to represent a risk factor for psychiatric
comorbidity in epilepsy, such as schizotypal, borderline, depen-
dent and narcissistic personality disorder, depression and mental
retardation.3 Consistently, our ﬁnding also indicates that abnor-
mality of the right AF could be crucial for the development of
psychoticism.
5. Conclusion
Taken together, our results suggest that epilepsy patients
exhibit high psychoticism and low extraversion. Psychoticism in
epilepsy patients is associated with abnormality of the AF and is
aggravated with disease duration. Our results provide important
insights into the pathophysiological mechanisms underlying
personality changes in epilepsy. More importantly, our study has
provided convincing evidence for imaging correlates of behavior
and personality changes in epilepsy, highlighting a structural
basis for these abnormalities, which should be further delineated
for elucidating the mechanisms of psychotic personality disorder
in epilepsy.ents with different durations and a healthy control. Representative images of ﬁber
ient with duration of 5 years (b) compared with a 26-year-old epilepsy patient with
L.-Y. Mao et al. / Seizure 20 (2011) 741–747 747Financial disclosure statement
None of the authors has any potential ﬁnancial conﬂict of
interest related to this manuscript.
Ethics approval
We conﬁrm that we have read the Journal’s position on issues
involved in ethical publication and afﬁrm that this report is
consistent with those guidelines.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.seizure.2011.07.002.
References
1. McDonald CR, Ahmadi ME, Hagler DJ, et al. Diffusion tensor imaging
correlates of memory and language impairments in temporal lobe epilepsy.
Neurology 2008;71:1869–76.
2. Shehata GA, Bateh A. Cognitive function, mood, behavioral aspects, and person-
ality traits of adult males with idiopathic epilepsy. Epilepsy Behav 2009;14:121–4.
3. Sperli F, Rentsch D, Despland PA, et al. Psychiatric comorbidity in patients
evaluated for chronic epilepsy: a differential role of the right hemisphere? Eur
Neurol 2009;61:350–7.
4. Volpe U, Federspiel A, Mucci A, et al. Cerebral connectivity and psychotic
personality traits. A diffusion tensor imaging study. Eur Arch Psychiatry Clin
Neurosci 2008;258:292–9.
5. Irle E, Lange C, Sachsse U. Reduced size and abnormal asymmetry of parietal
cortex in women with borderline personality disorder. Biol Psychiatry
2005;57:173–82.
6. O’Donoghue MF, Duncan JS, Sander JW. The national hospital seizure severity
scale: a further development of the Chalfont seizure severity scale. Epilepsia
1996;37:563–71.
7. Baker GA, Spector S, McGrath Y, Soteriou H. Impact of epilepsy in adolescence: a
UK controlled study. Epilepsy Behav 2005;6:556–62.
8. Modrego PJ, Pina MA, Galindo M, Minguez J. Study of psychopathology in
patients with chronic non-lesional epilepsy: a Minnesota multiphasic person-
ality inventory proﬁle controlled study. Eur Neurol 2002;48:80–6.
9. Tanaka T, Tanaka S, Fujita T, et al. Experimental complex partial seizures
induced by a microinjection of kainic acid into limbic structures. Prog Neurobiol
1992;38:317–34.
10. Eysenck HJ, Eysenck SBG. Manual for the Eysenck Personality Questionnaire.
London, UK: Hodder & Stoughton; 1975.
11. Eysenck HJ, Barrett P. The nature of schizotypy. Psychol Rep 1993;73:59–63.
12. Gong XY. The revision of Eysenck personality questionnaire in China. Psychol Sci
Newslett 1984;4:11–8.
13. Schenk L, Bear D. Multiple personality and related dissociative phenomena in
patients with temporal lobe epilepsy. Am J Psychiatry 1981;138:1311–6.
14. Woody E, Claridge G. Psychoticism and thinking. Br J Soc Clin Psychol
1977;16:241–8.
15. de Araujo FG, Lin K, Lin J, et al. Are personality traits of juvenile myoclonic
epilepsy related to frontal lobe dysfunctions? A proton MRS study. Epilepsia
2009;50:1201–9.
16. Deppe M, Kellinghaus C, Duning T, et al. Nerve ﬁber impairment of anterior
thalamocortical circuitry in juvenile myoclonic epilepsy. Neurology
2008;71:1981–5.17. de Araujo FG, Jackowski AP, Lin K, et al. Personality traits related to juvenile
myoclonic epilepsy: MRI reveals prefrontal abnormalities through a voxel-
based morphometry study. Epilepsy Behav 2009;15:202–7.
18. Pujol J, Bello J, Deus J, Cardoner N, Marti-Vilalta JL, Capdevila A. Beck Depression
inventory factors related to demyelinating lesions of the left arcuate fasciculus
region. Psychiatry Res 2000;99:151–9.
19. Overall J, Gorham D. The brief psychiatric rating scale. Psychol Rep
1962;10:799–812.
20. Yozawitz A, Bruder G, Sutton S, et al. Dichotic perception: evidence for right
hemisphere dysfunction in affective psychosis. Br J Psychiatry 1979;135:224–
37.
21. Bernhardt BC, Rozen DA, Worsley KJ, Evans AC, Bernasconi N, Bernasconi A.
Thalamo-cortical network pathology in idiopathic generalized epilepsy:
insights from MRI-based morphometric correlation analysis. Neuroimage
2009;46:373–81.
22. Ellmore TM, Beauchamp MS, Breier JI, et al. Temporal lobe white matter
asymmetry and language laterality in epilepsy patients. Neuroimage
2010;49:2033–44.
23. Proposal for revised classiﬁcation of epilepsies and epileptic syndromes. Com-
mission on classiﬁcation and terminology of the international league against
epilepsy. Epilepsia 1989;30:389–399.
24. Arain AM, Abou-Khalil BW. Management of new-onset epilepsy in the elderly.
Nat Rev Neurol 2009;5:363–71.
25. Folstein MF, Folstein SE, McHugh PR. Mini-mental state. A practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189–98.
26. Kim JA, Chung JI, Yoon PH, et al. Transient MR signal changes in patients with
generalized tonicoclonic seizure or status epilepticus: periictal diffusion-
weighted imaging. AJNR Am J Neuroradiol 2001;22:1149–60.
27. Lin JJ, Riley JD, Juranek J, Cramer SC. Vulnerability of the frontal-temporal
connections in temporal lobe epilepsy. Epilepsy Res 2008;82:162–70.
28. Diehl B, Busch RM, Duncan JS, Piao Z, Tkach J, Luders HO. Abnormalities in
diffusion tensor imaging of the uncinate fasciculus relate to reduced memory in
temporal lobe epilepsy. Epilepsia 2008;49:1409–18.
29. Fernandez-Miranda JC, Rhoton AJ, Alvarez-Linera J, Kakizawa Y, Choi C, de
Oliveira EP. Three-dimensional microsurgical and tractographic anatomy of
the white matter of the human brain. Neurosurgery 2008;62:989–1026. 1026-
1028.
30. Sikic N, Buljan-Flander G, Marcelja A, Mejaski-Bosnjak V. Personality traits in
school children with epilepsy. Acta Med Croatica 1995;49:121–6.
31. Zhu DT, Jin LJ, Xie GJ, Xiao B. Quality of life and personality in adults with
epilepsy. Epilepsia 1998;39:1208–12.
32. D’Alessio L, Giagante B, Papayannis C, et al. Psychotic disorders in Argentine
patients with refractory temporal lobe epilepsy: a case-control study. Epilepsy
Behav 2009;14:604–9.
33. Francis LJ, Quigley CF, Robbins M, Lewis CA. The general health questionnaire
and Eysenck’s three-dimensional model of personality. Psychol Rep
2005;97:288–90.
34. Kumari V, Antonova E, Geyer MA. Prepulse inhibition and psychosis-proneness
in healthy individuals: an fMRI study. Eur Psychiatry 2008;23:274–80.
35. Govindan RM, Makki MI, Sundaram SK, Juhasz C, Chugani HT. Diffusion tensor
analysis of temporal and extra-temporal lobe tracts in temporal lobe epilepsy.
Epilepsy Res 2008;80:30–41.
36. Chahboune H, Mishra AM, DeSalvo MN, et al. DTI abnormalities in anterior
corpus callosum of rats with spike-wave epilepsy. Neuroimage 2009;47:459–
66.
37. Coan AC, Appenzeller S, Bonilha L, Li LM, Cendes F. Seizure frequency and
lateralization affect progression of atrophy in temporal lobe epilepsy. Neurology
2009;73:834–42.
38. Schmahmann JD, Pandya DN, Wang R, et al. Association ﬁbre pathways of the
brain: parallel observations from diffusion spectrum imaging and autoradi-
ography. Brain 2007;130:630–53.
39. Beeckmans K, Michiels K. Personality emotions and the temporolimbic system:
a neuropsychological approach. Acta Neurol Belg 1996;96:35–42.
